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[Introduction] It is known that the abundance pattern of Rare Earth Elements (REEs) in 
nature is likely to reflect the application for human activities, such as Gd anomaly in river 
water caused by compound in medical equipment1). It is important to monitor REEs pattern 
for understanding its influence to the environment. In this study, we determined the elemental 
distribution and pattern of REEs of Muko River located in the northern part of Kobe City. 
Concentration of REEs from six sampling points around a water treatment plant were 
measured by ICP mass spectrometer (ICP-MS; 7700 series, Agilent technologies). In order to 
examine the REEs distribution, we estimated the Masuda-Coryell pattern by normalizing the 
results to those in North American Shale Composite (NASC) composition2). Moreover, 
anomaly value was carried out by quantitatively characterizing normalized value of REEs 
relative to its neighbours in the lanthanide series3)-4). 
[Experimental] Pre-treatment: The obtained river water sample pass through two times 
filtration, the first filtration was done by qualitative filter paper and the second filtration done 
by the aid of vacuum and a 0.45 µm pore size of filter membrane. Then, equally all the 
obtained samples were added by concentric HNO3. This acidified sample introduced to ICP-
MS directly, hereafter called dissolved samples. Residue digestion: The obtained residue 
was digested with microwave acid digestion method5). By using HNO3, H2O2, and HF with a 
two steps microwave irradiation process, the aqueous state of residue sample was obtained 
then further measured by ICP-MS, this sample hereafter called undissolved samples. 
Chelating procedure: Every 50 g of acidified samples were added by 5 g of ammonium 
acetate and 1 g of 14% ammonia solution to achieve pH value 5.6 ± 0.1, before it was loaded 
to chelate resin tube. Then, the elements caught to the chelate resin were released by adding 
5 mL of 10% HNO3, and finally, total mass of preconcentration sample obtained was around 
10 g by adding H2O.  
[Results and Discussion] The distribution of REEs from Muko River obtained from 
November 2016 for all sample types is shown in Fig. 1. From Fig. 1, all charts would be 
shown as shale-normalized value, where X axis presented the elements and Y axis presented 
the normalized REEs value, and number (1 to 6) presented the sampling site from upper 
stream to downstream along approximately 7 km. With the exception of sampling site 
number 7, where sample obtained from branch stream.  As shown in Fig. 1, the distribution of 
REEs in the Muko River, in general, was observed as such: an enrichment in HREEs group, a 
small Ce anomaly, and clear occurrence of Gd anomaly.  
HREEs enrichment: The heavy rare earth elements (HREEs) commonly include Tb to Lu as 
a group and enrichment means there is a tendency of increasing concentration from those 
elements, thus a rising pattern shown in the distribution of HREEs for dissolved and 
preconcentration samples. HREEs enrichment might be resulted from a relatively high 
concentration of dissolved organic substance or eutrophication occurred in the river. The 
enrichment may be represented by calculating the shale-normalized ratio of Er and Nd.  
 Ce anomaly: As for the small 
discover of Ce anomaly, either 
positive or negative anomaly is 
defined greater or less than 1 ± 0.3. 
The variability of Ce anomaly covered 
from 0.2 to 2.1, where most of 
negative Ce anomaly observed in the 
dissolved samples and positive Ce 
anomaly observed in the undissolved 
samples. Cerium anomaly has long 
been recognized to occur due the 
oxidation of Ce(III) to insoluble 
Ce(IV) and its anomalous behaviour 
might be related to the concentration 
of redox sensitive ions such as 
Fe2+/Fe3+.  
Gd anomaly: Gadolinium anomaly 
was mainly observed in the dissolved 
and preconcentration samples. Due to 
its stability in water, Gd(III) which 
mainly used as contrast agent in MRI 
technology, caused an anomaly in 
those samples. The variability of Gd 
anomaly covered from 0.8 to 1.7 for 
dissolved and preconcentration 
samples. Where anthropogenic 
anomaly of Gd is shown from 
sampling site number 4 to 6 of 
dissolved sample, respectively valued 
40.8, 3.3, and 3.5. To determine which 
sampling site reflected an 
anthropogenic Gd contamination, the 
criterion is 1 ± 0.5 after calculating 
the interpolation of obtained Gd 
concentration to the Sm-Dy line in the 
REEs distribution. The presence of a 
water treatment plant around sampling 
site number 4 is the reasons why 
anthropogenic Gd anomaly is found. 
[Conclusion] Study of REEs 
distribution might contribute to the understanding of anthropogenic impact to the 
environment, comparing the present environmental condition with the origin of Earth. 
Moreover, in order to investigate the origin of Gd anomaly, further study is needed to 
perform speciation of REEs in general and Gd especially. 
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Fig 1. Masuda-Coryell plot of shale-normalized 
concentration obtained from Muko River in 
November 2016 of: a) Dissolved sample, b) 
Preconcentration sample, c) Undissolved 
sample. 
